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The Gresten Klippen Zone is an individual geological unit, m ainly outcropping at the northern rim o f the Northern Calcareous Alps. It is 
best exposed between the Enns Valley in the w est and the V ienna Forest in the east. It contains a rock sequence ranging from  Early Juras­
sic to Early Cretaceous, including sandstones, various limestones, breccias and radiolarites. The late Early Cretaceous-Paleogene is rep­
resented by the Buntmergel Formation. A sandstone block from  the latter yields well-preserved planktonic foram iniferids which allow an 
assignm ent to the Early Eocene (E-7 Zone). The low density currents which deposited the parallel laminated sandstones originated in the 
lower shelf-middle slope.
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INTRODUCTION GEOLOGICAL SETTING
The Gresten Klippen Zone (GKZ), despite being known as 
an individual geological unit since the mid of 20th century 
(Prey, 1952, 1953), is still not completely underttood from 
biostratigraphic and tectonic points of view. It is part of the 
Helvetic Zone (including the Ultrahelvetic Zone), which ex­
tends in the Eastern Alps along the northern rim of the Northern 
Calcareous Alps, from Vorarlberg in the west to Lower Austria 
and the Vienna Forest in the east (Prey, 1980). In this paper we 
provide new insight into the biostratigraphy of the Paleogene 
part of the Buntmergel Formation (Piller et al., 2004) whichbe- 
longs to the GKZ in Lower Austria (Fig. 1). The fossil findings 
presented here come from a single block only, containing very 
well-preserved foraminiferids. Ongoing research in the 
Paleogene section focuses on the overall stratigraphic scheme 
of the whole sequence.
The most complete stratigraphic sequences in the Helvetic 
and Ultrahelvetic zones, respectively, are found east of Salz­
burg, in a 75 km west-east striking area, terminated in the west 
by the Pechgraben close to the Enns Valley, and in the east by 
the Traisen Valley (Figs. 1 and 2). This particular area is known 
as the “Gresten Klippen Zone”. Further to the east, it is called 
the “Hauptklippen Zone”. It consists of a predominantly Juras­
sic sequence forming the “Klippen” and an envelope sequence 
-  the Buntmergel Formation -  that ranges from the late Early 
Cretaceous (Albian) to the Eocene (Fig. 2). The klippen are 
formed by individual blocks ranging in size from a few metres 
to several hundreds of metres (Aberer, 1951; Prey, 1953; 
Schnabel, 1970; Slqczka et al., 2009).
One of the most important sequences in the GKZ is the 
Gresten Formation of early to mid-Jurastic age that forms the 
stratigraphically deepest level and has no known basement.
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Fig. 1. Simplified geological map o f the Gresten Klippen Zone east o f  Enns
The map is based on the tectonic overview map o f Lower Austria by Schnabel (1992) and Schnabel et al. (2002). The insert in the up­
per left shows the position o f the map within Austria. The black rectangle marks the study area (shown in detail in Fig. 2)
Fig. 2. Simplified geological map o f the area o f  the Gresten K lippen Zone between Pechgraben and W aidhofen a.d. Ybbs,
based on Schnabel et al. (2002)
The arrow points to the where the sandstone block was found
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Faupl (1975) distinguished three major lithofacies: (a) a basal flu­
vial facies succession, (b) a sequence associated with coals and (c) 
a marine succession. They grade into a sequence of predominantly 
grey marls and shales interlayered with sandstones, marly lime­
stones and some coarse clastic deposits (Posidonia marls of 
Bajocian-Callovian age; Trauth, 1950; Wessely, 2006). These 
sediments pass into cheily limestones and radiolarites of Middle 
Jurassic and earliest Oxfordian age (Lampelsberg Formation). 
The Late Jurassic and the lower part of the Early Cretaceous are 
represented by siliceous limestones (Scheibbsbach Formation), 
red nodular Arzberg limeitones, dark grey Arthof limeitones, 
Aptychus limestones (Lower Blassenstein Formation) and the 
spotted marls and marly limeitones of the Upper Blassenstein 
Formation that lasted until the Barremian-Aptian. Within the 
Tithonian-Barremian deposits, lenses of conglomerates known as 
the Konradsheim limestones (Faupl, 1975; Widder, 1988; 
Wessely, 2006) occur. Recently, a sequence of Barremian-Aptian 
conglomerate was described as the Konradsheim Formation 
(Hock et al., 2003, 2005; Slqczka et al., 2009).
The contact relation of the Buntmergel Formation with the 
Late Jurassic-Early Cretaceous carbonate sequence is unclear. 
Rarely, depositional contacts have been described (Prey, 1980) 
but in general the contact is tectonically overprinted (Schnabel, 
1970; Widder, 1988; Wessely, 2006; Slqczka et al., 2009). The 
Buntmergel Formation is represented by red to green, rarely 
grey marls and marly shales with subordinate thin-bedded 
quartzitic sandstones with glauconite.
During the Early Paleogene, nummulitic limestones, 
graded sandstones and conglomerates (e.g., Konradsheim con­
glomerates) were deposited. Within these clastic deposits of 
Paleogene age, Faupl (1978) distinguished four different facies 
types: (1) coarse-grained limestone breccia and conglomerates 
with abundant siliciclastic material (“Bernreith facies”), (2) 
calcirudite and calcarenite (“Texing facies”), (3) quartz arenite 
and conglomerate (“Schaitten facies”) and (4) a turbidite fa­
cies. The marls beiween the coarse clastic horizons are grey,
green, and in places bluish in colour; the typical Upper Creta­
ceous red marls are missing. Thin layers of glauconitic sand­
stone are common (Widder, 1988). There are sedimeniary 
breccias of Paleocene age simiiar to the first facies type de i 
scribed by Faupl and Schnabel (1987) from the Scheibbs area. 
The lithic fragments in the coarse-grained clastic layers include 
metagranites, gneisses, various types of micaschists, green- 
schists, and intermediate to acidic volcanic rocks. They are 
similar to those found in the Jurassic clastic sequences and indi­
cate a simiiar hinieriand for the Jurassic and Paleogene sedi­
ments. Blocks of sedimentary rocks such as chert, Calpionella 
limestone, Trocholina limestone and Litothamnium limestone 
with Orbitoides and Nummulites are also present.
RESULTS AND DISCUSSION
LITHOLOGY OF THE SAMPLE
The fossiliferous rock piece (Sample S9) was found in the 
Maigraben in Grossau -  an area of the Gresten Formation that 
outcrops at N47°57’20” and E14°39’07” -  as a loose 
decimetre-sized block of sandstone (see arrow in Fig. 2).
The Gresten Formation in Grossau is fairly well-known 
since the second half of the 19 th century due to the iniensive 
coal mining (e.g., Lipold et al., 1865). Aberer (1951) described 
a sequence of grey sandy, occasionally also marly shale, 
interbedded with sandstones.
In the Maigraben profile, the Gresten Formation, dipping in 
general towards the south, is directly enveloped by the 
Buntmergel Formation. The relatively high amount of red marls 
and the lack of clastic beds in the scarce exposures argue for a 
Cretaceous section ofthe Buntmergel Formation (Aberer, 1951).
The sandstone block found in Maigraben is thin bedded, 
with light brown and medium grey laminae up to several mm in 
thickness (Fig. 3A). The lightbrown layers are relatively richin
Fig. 3. T he sandstone  fro m  th e  B un tm ergel F o rm a tio n
A -  m acroscopic image, show ing the alternation o f  fine layers o f  almost pure quartz (medium grey) and quartz + carbonate (light brown);
B -  crossed polars, light m icrophotograph, show ing fine-grained quartz cemented by calcite; the area marked by X represents the light brown layers
rich in calcitic cement, visible in A
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Fig. 4. P lank ton ic  fo ram in iferid s
A -  Acarin ina  sp.; B -  Subbotina yeguaensis (W einzierl and Applin); C  -  Subbotina  sp.; D, E -  Acarin ina pseudotopilensis  Subbotina; F, G  -  
Subbotina yeguaensis  (W einzierl & Applin); H, I -  Acarin ina  cf. bulbrooki (Bolli); J - L  -  Acarin ina  bulbrooki (Bolli). A -G  -  differently oriented
sections; H -I  -  cross-sections; J -L  -  axial sections
carbonate whereas the medium grey layers consist of predomi­
nantly quartz grains with only a small amount of carbonate. Mi­
croscopically, it reveals a well-sorted sandstone with angular to 
subangular grains ranging from 20 to 100 pm in size (Fig. 3B). 
Mineralogically, the sandstone consists of quartz, rare feld­
spars (mainly plagioclase) and some muscovite and bioite. 
Glauconite is ubiquitous. The calcitic cement is 
inhomogeneously disiributed within the rock, with a visible 
concentration in elongated lenses forming thin laminae. These 
laminae contain very well-preserved, whole foraminiferal tests. 
Although this sandstone was found in the area of the Gresten
Formation outcrops, it disinctly d fe rs  from the sandstones 
known from the Gresten Formation (Faupl, 1975) by fine 
laminae, a good sorting, a smaller grain size and the abundance 
of glauconite. Our sample fits best to the sandstones from the 
“turbidite facies” of the Buntmergel Formation stratigra- 
phically assigned to late Early Eocene (Faupl, 1978).
MICROPALEONTOLOGY
The foraminiferids analysed were recognized from the thin 
seciion made from the block de icribed above (sample S9).
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Fig. 5. P lank ton ic  fo ram in iferid s
A, B -  Parasubbotina inaequispira  (Subbotina); C, D -  A carin ina esnehensis (Nakkady); E, F -  Subbotina yeguaensis  (W einzierl and Applin), G  -  
Globigerina  sp. -  juvenile forms; H  -  G lobanom alina  sp.; I -  Acarin ina  sp.; J , K  -  Acarin ina  esnehensis (Nakkady); L  -  Acarin ina  sp. -  fragment
They show well-preserved tests. The foraminiferids are 
well-preserved for several reasons: (a) the containing rocks are 
only slightly altered and (b) they were transported and 
emplaced by density currents.
The index planktonic species identified are: Subbotina 
yeguaensis (Weinzierl and Applin), Acarinina 
pseudo topi lensis Subbotina, Parasubbotina inaequispira 
(Subbotina), Acarinina bulbrooki (Bolli) and Acarinina 
esnehensis (Nakkady). All species identified are shown in Fig­
ures 4A-L and 5A-L. Undamaged fragile tests are particularly 
visible in Figure 5G. Some specimens have ornamented test
walls (Figs. 4G, J-L and 5A, J) and visible positions of the ap­
erture (Figs. 4F, K, L and 5A, B).
BIOSTRATIGRAPHICAL POSITION 
OF THE FORAM INIFERAL ASSEMBLAGE
The rich and well-preserved characteristic planktonic index 
species allow assignment to a high-resolution biozone level. Fig­
ure 6 shows the position of the fossil assemblage within the stan­
dard biostratigraphic chart of Pearson et al. (2006). The age of the 
sample studied can be estimated as late Early Eocene, i.e. E-7 
Zone (Berggren and Pearson, 2005), which corresponds to zone
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Fig. 6. Biostratigraphical range o f the planktonic index taxa identified
The dark grey area marks the biozones identified; 
graphic chart after Pearson et al. (2006)
P9 sensu Berggren et al. (1995) and to the lower part of AE 4 Zone 
sensu Huber and Quillievere (2005). The morphotypes of the 
planktonie taxa, in particular the presence of keeled forms, indi­
cate an external shelf-middle slope depositional (i.e. a bathy-pet 
lagic) environment (Gasiński, 1997).
Due to the sparsity of available material, determination of 
the depositional environment for the sanditone is difficult. 
However, the fine laminations, the visible lack of gradation and 
in particular the well-preserved, undamaged fragile tests of rel­
atively deep-water planktonic foraminiferids argue for sedc 
mentation by low density currents and fallout without traction 
(Reading, 1996). The laminae show millimetre-sized folds 
(Fig. 3A), suggesting local syn-sedimentary sliding. Neverthe­
less, this sandstone can be generally included among the 
“deep-water turbidite facies” (Reading, 1996).
CONCLUSIONS
Well-preserved deep sea planktonic foraminiferids occur in 
a loose sandstone block in the Grossau area (Maigraben) in 
Lower Austria. The following foraminiferids were found: 
Acarinina sp., Acarininapseudotopilensis Subbotina, Acarini- 
na bulbrooki (Bolli), Parasubbotina inaequspira (Subbotina), 
Acarinina esnehensis (Nakkady), Subbotina sp., Subbotina 
yeguaensis (Weinzierl and Applin), Globigerina sp. and 
Globanomalina sp. The perfectly preserved palaeontological 
features of the foraminiferids allow their precise 
biostratigraphic assignment to the E-7 Zone of Pearson et al. 
(2006). Therefore, the block of sandstone can be assigned to the 
upper, Early Eocene part of the Buntmergel Formation of the 
Gresten Klippen Zone. The clastic material of the sandstone in­
vestigated was primarily deposited on a slope of the basin and 
later on redeposited by low density currents to deeper parts of 
the basin. As a result of our studies, new data concerning the 
clastic deposits from the Eocene part of the Buntmergel Forma­
tion have been obtained.
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